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In 2005, Kosfeld et al. published their
now seminal paper showing that intranasal
oxytocin (OXT) administration increased
interpersonal trust (Kosfeld et al., 2005).
This finding spawned broad interest into
the effects of OXT on social and emotional
behavior in humans (Bos et al., 2012), and
its implications for translational medicine
(Meyer-Lindenberg et al., 2011; Striepens
et al., 2011). Over the years OXT has
gained the reputation of facilitating empa-
thy and affiliation, based on early find-
ings reporting beneficial effects of OXT on
trust (Kosfeld et al., 2005), social support
(Heinrichs et al., 2003), and processing
social information (Hollander et al., 2007;
Savaskan et al., 2008; Unkelbach et al.,
2008; Hurlemann et al., 2010). This view
is supported by studies showing that OXT
improves cognitive empathic abilities such
as mindreading (Domes et al., 2007; Bartz
et al., 2010; Guastella et al., 2010) and rec-
ognizing positive emotional expressions
(Marsh et al., 2010). As a result of these
positive effects on social behavior, there
has been considerable speculation about
OXT’s therapeutic potential in people with
social and emotional disabilities.
This prosocial view of OXT has been
challenged by findings showing that the
effects of OXT are strongly context-
dependent (Bartz et al., 2011; Bos et al.,
2012). For example, OXT has also been
shown to increase envy and gloating
(Shamay-Tsoory et al., 2009), defensive-
ness toward out-group members (De Dreu
et al., 2010, 2011) and increased in-group
conformity (Stallen et al., 2012). Although
this ethnocentrism might be considered
prosocial within one’s own group, defen-
siveness toward an out-group is not,
and extreme ethnocentrism often leads to
nationalism or even racism.
This paradox gives rise to two ques-
tions. First, how can the beneficial effects
of OXT on empathy, trust and affilia-
tion be compatible with its seemingly
contradictory anti-social effects? Second,
what implication does this have for the
therapeutic potential of OXT in social
and emotional neurodevelopmental con-
ditions? With regard to the first question,
we provide a brief overview of the liter-
ature aiming to understand the mecha-
nism(s) underlying OXT’s efficacy. There
are two main perspectives on how OXT
affects social behavior (via anxiety reduc-
tion or increasing social salience), which try
to reconcile its pro- and anti-social roles,
but there have been no attempts to date
to integrate these into a single viewpoint.
A potential third factor, reward sensitivity
might aid this integration. We propose a
model that unites these perspectives, pro-
viding new avenues of research into OXT’s
efficacy in social and emotional neurode-
velopmental conditions.
MECHANISMS UNDERLYING OXT’s
EFFECT ON SOCIAL BEHAVIOR
Early attempts to reconcile different effects
of OXT on social behavior suggested
interaction effects between stress, anxi-
ety and social approach (Heinrichs and
Domes, 2008; Heinrichs et al., 2009).
An excellent review (Churchland and
Winkielman, 2012) highlights OXT’s
anxiolytic effects as a key mechanism.
Churchland andWinkielman (2012) argue
that low-level anxiety drives higher-order
social-cognitive effects. A large body of
animal literature also supports the idea of
OXT as an anxiolytic (Bale et al., 2001;
Ring et al., 2006; Ebitz et al., 2013). Ebitz
and colleagues showed that OXT reduces
social vigilance in the rhesus macaque
(Ebitz et al., 2013), potentially by reduc-
ing social threat or anxiety. In humans,
a reduction in anxiety could facilitate
“pro-social” behavior by eliminating
social threat during social interactions.
Consistent with this, there is evidence
for anxiolytic effects of OXT in humans
with anxiety disorder (Labuschagne et al.,
2010). Labuschagne et al. (2010) showed
that OXT decreases amygdala activity
in response to fearful faces in people
with a generalized social anxiety disorder
(GSAD), to the level of typical controls.
Decreased social threat following OXT
administration is also in line with find-
ings showing improved coping mecha-
nisms in stressful situations (Heinrichs
et al., 2003). Although there is broad
consensus about the anxiolytic proper-
ties of OXT, its antisocial effects are not
entirely explained by this. As mentioned
above, earlier findings (De Dreu et al.,
2010, 2011) demonstrated increased in-
out-group differences after OXT admin-
istration (but see Shamay-Tsoory et al.,
2013). However, reduced anxiety would
be expected to lead to decreased in- and
out-group differences by also reducing
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anxiety toward out-group members. In
addition, direct empirical tests of the anxi-
olytic effects of OXT in humans has shown
that oxytocin can increase anxiety toward
an unpredictable threat (Grillon et al.,
2012). This suggests that OXT’s anxiolytic
properties cannot completely account for
the differences in behavioral findings.
Another perspective on the effects of
OXT on social behavior involves social
salience. It has been hypothesized that
OXT increases sensitivity for salient social
cues (Bartz et al., 2011; Striepens et al.,
2012; Wittfoth-Schardt et al., 2012). This
is known as the “social salience hypoth-
esis” and fits with findings of improved
mind-reading and increased eye contact
(Domes et al., 2007; Guastella et al.,
2008). Increasing the salience of subtle
contextual eye-cues could indeed improve
mind-reading and might cause an atten-
tional bias toward such cues. However, the
effects of OXT administration on promot-
ing ethnocentrism emerge, regardless of
the valence of an intergroup comparison
(De Dreu et al., 2010, 2011). This suggests
that these effects cannot be explained by
the notion that OXT administration gener-
ally increases perceptual salience for social
cues, as that would alter valence ratings.
Interestingly, recent work has demon-
strated that affiliative emotion (a primary
target in OXT research) may be distin-
guishable from general emotional valence
(Moll et al., 2012). In addition, Striepens
et al. (2012) showed that OXT adminis-
tration did not alter valence ratings for
aversive social stimuli. Since the admin-
istration of OXT also facilitated startle
response and memory for negative cues,
these authors conclude that OXT admin-
istration may promote general “approach
and protective behavior, but with height-
ened caution” (Striepens et al., 2012). It is
likely that OXT does affect affiliative emo-
tion but it is possible that, depending on
the context, general emotional valence is
not affected. How OXT does this remains
an open question. It seems that, by itself,
the social salience hypothesis also can-
not fully explain the varied behavioral
findings.
In addition to being an anxiolytic and
potentially increasing perceptual salience
of social cues, OXT may exert its effects
on social behavior via a third mechanism:
increased reward sensitivity (Leckman,
2011; Strathearn, 2011; Dolen et al., 2013).
The idea that reward sensitivity is an
important contributing factor to OXT’s
effect on social behavior is not new (Young
et al., 2001), nor necessarily incompat-
ible with the social salience hypothesis
(Weisman and Feldman, 2013). Animal
studies have shown strong links between
OXT and the reward circuitry, specifically
in the ventral striatum (Shahrokh et al.,
2010; D’Cunha et al., 2011; Keebaugh
and Young, 2011; Baracz and Cornish,
2013). A recent study also demonstrated
involvement of reward circuits in the effi-
cacy of OXT in humans (Groppe et al.,
2013). Groppe et al. (2013) showed that
the modulation of social salience by OXT
takes place in the human ventral tegmental
area (a key area in the mesocorticolimbic
dopamine-system), confirming previous
animal findings (Shahrokh et al., 2010).
Similarly, Strathearn et al. (2009) showed
that the ventral striatum is activated dur-
ing mother-infant interaction, which is
accompanied by increased peripheral OXT
release.
Two neurobiological pathways may
underlie OXT’s effect on reward process-
ing: an OXT-dopamine (Shahrokh et al.,
2010; Baracz and Cornish, 2013) path-
way and an OXT-opioid pathway (Gu and
Yu, 2007). The former likely influences
the “wanting” aspect of reward process-
ing, whereas the latter likely pertains to
the “liking” aspect of reward processing
(Berridge et al., 2009). The opioid-OXT
pathway is also likely to be involved in
OXT’s effects on social bonding and affil-
iation (Burkett and Young, 2012). If either
type of reward processing is affected by
OXT it is possible that this will also affect
reward learning (Berridge et al., 2009).
Lastly, OXT has also been repeatedly
associated with drugs of abuse and addic-
tion (Burkett and Young, 2012; Carson
et al., 2013; Sarnyai and Kovacs, 2013),
which also act on the reward system. It
has even been suggested that OXT’s facil-
itation of social reward sensitivity may
somewhat override that of drug-induced
reward (Sarnyai and Kovacs, 2013; Tops
et al., 2013). The way in which reward
sensitivity precisely affects social interac-
tions remains unknown, but these findings
suggest that OXT influences the means by
which social reward sensitivity modulates
social behavior. Additionally, context may
play a role in the exact type of pathway
affected.
FUTURE DIRECTIONS
The three different mechanisms reviewed
here are not mutually exclusive. For
example, decreased anxiety could lead to
increased sensitivity for social salience, and
vice versa. Together, anxiety and social
reward sensitivity influence attribution of
social salience. They might, in a given
context, either promote or impede social
behavior. We hypothesize that the mecha-
nism by which OXT affects social behav-
ior depends upon these two systems (see
Figure 1). Subsequently, the environment
provides feedback to the OXT system
about the resulting social behavior, influ-
encing anxiety and reward sensitivity. This
synergy in turn determines the salience of
social cues in a particular context.
In people with autism spectrum condi-
tions (ASC) or GSAD this system might
be disturbed, resulting in social interac-
tion deficits. Recent research has shown
hypoactivation in the reward circuitry
in ASC during social reward process-
ing (Delmonte et al., 2012). In addition,
people with ASC show increased anxi-
ety (White et al., 2009), which might
lead to an attentional bias toward nega-
tive cues (Winton et al., 1995) in social
interaction. Together, these factors create
a negative feedback loop, which further
enhances this negative spiral. In such sit-
uations OXT may have a positive effect
by reducing anxiety and increasing the
rewarding value of social interactions.
The social motivation hypothesis (SMH)
for ASC (Stavropoulos and Carver, 2013)
indeed suggests that reward sensitivity is
decreased in ASC and that OXT helps alle-
viate this. For example, it has been shown
that OXT administration leads people with
ASC to respond more appropriately to
reciprocity in a cyberball game (Andari
et al., 2010). Increased reward sensitivity
would thus enable participants to better
distinguish which player offers the most
positive interaction. Furthermore, reduced
anxiety for social interaction (such as
direct eye contact) may modulate gaze-
time (Domes et al., 2013d), and increased
reward sensitivity may shift attention
toward positive social cues (Domes et al.,
2013c). In individuals with ASC, this could
modulate face and emotion processing
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FIGURE 1 | Oxytocin reduces anxiety and stress for social interaction and increases social
reward sensitivity. With respect to the latter, OXT likely affects hedonistic reward processing (e.g.,
“liking”) via its interaction with the opioid system and incentive reward processing (e.g.,
“wanting”) via a striatal-dopamine pathway (Berridge et al., 2009). Which pathway is affected likely
depends on the specific context. Both reduced anxiety and increased reward sensitivity might
increase sensitivity for social salience but also directly improve aspects of social cognition
depending on person and context. Furthermore the subsequent contextual or environmental
feedback affects the sensitivity and plasticity of the OXT system depending on its valence (e.g.,
positive or negative feedback). Positive feedback after OXT administration, such as pleasant social
interaction, might reinforce the sensitivity for social reward and further decrease anxiety. This
feedback potentially also alters the plasticity of the OXT system. For example, more OXT may be
released during social interaction. Another potential scenario is that OXT administration leads to
decreased anxiety, which in turn leads to heightened social salience. Which may also involve paying
more attention to (potentially) negative social cues. Administration of OXT might therefore have a
stronger impact on this negative feedback in neurotypical individuals, as was shown by Striepens
et al. (2012). Lastly, any type of feedback resulting from altered social reward processing is likely to
affect reward learning.
(Domes et al., 2013a,b). Reducing anx-
iety and improving the reward value of
social interaction would also improve
emotion recognition and social behav-
ior in individuals with and without ASC
(Hollander et al., 2007; Guastella et al.,
2010; Domes et al., 2013b). Although
the anxiolytic effects of OXT have been
widely researched, its combination with
reward sensitivity may prove to be a novel
target for OXT administration in ASC.
Interestingly, this might also help explain
the variation of the effects of OXT seen
across the population.
In individuals that do not experience
heightened anxiety in social situations
or experience reduced reward sensitivity,
OXTmight not necessarily show beneficial
effects. Moreover, it might even impede
social behavior. For example, by decreas-
ing anxiety social vigilance might become
blunted (Ebitz et al., 2013), while increas-
ing reward sensitivity could possibly lead
to gloating (Shamay-Tsoory et al., 2009).
Furthermore, ethnocentrism occurs natu-
rally in the normal population (Yzerbyt
and Demoulin, 2010): under normal cir-
cumstances people tend to favor their own
group over out-group members. Thus,
interaction with in-groupmembers is gen-
erally considered more rewarding. Also, a
negative interaction with out-group mem-
bers may constitute a form of negative
feedback compared to positive interaction
with in-group members. Our model pre-
dicts that administration of OXT would
increase these differences. It strengthens
the rewarding type of interaction and rein-
forces the effect of negative feedback. In
this context, OXT indeed promotes ethno-
centrism (De Dreu et al., 2010, 2011).
In conclusion, over recent years it has
become clear that the effects of OXT
administration on human social behavior
are not best framed in absolute terms such
as pro- or antisocial. We aim to shift the
focus to underlying core processes such
as anxiety and reward sensitivity. When
applied to studied contexts, the modu-
lation of OXT on these core processes
can lead to different behavioral outcomes
dependent on person and situation, espe-
cially since reward processing and anxiety
in specific contexts differs from person to
person. More research is needed to inves-
tigate how the dynamics of OXT modula-
tion on these core processes translates to
different contexts and groups.
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